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(54) PROCESSOR FOR INPUT/OUTPUT PROCESSING SYSTEM 

(71) Vie, HONEYWELL INFORMATION SYSTEMS INC, a Corporation 
organised and existing under the laws of the State of Delaware, .United States of 
America, of 200 Smith Street, Waltham, Massachusetts 02154, United States of 
America, do hereby declare the invention for which we pray that a patent may be 
granted to us, and the method by which it is to be performed to be particularly des- 5 
cribed in and by the following statement: — 

This invention relates generally to data processing systems, and more particu- 
larly to a processor for use in an input/output processing system. 

In the prior art, large multiprocessor data processing systems utilize input/output 
processing systems for interfacing peripheral devices and the main processing unit. \q 
Such input/output processing systems are required for establishing data rate com- 
patibility, addressing, and general data exchange control 

In the Honeywell 6000 Series large computer systems, for example, peripheral 
devices are connected to and controlled by microprogrammed peripheral controllers 
(MPC) which, in turn, are connected to the main processing unit through an input/ 15 
output multiplexer (IOM). (Honeywell is a Registered Trade Mark). 

The IOM is the coordinator of all input/output operations between the comple- 
ment of peripheral devices and the main processing unit controller. The IOM 
operates essentially as a hard wired program device controlled by, and sharing memory 
with, a main processor. Data transfers b e tween a peripheral device and main memory 20 
are accomplished by the IOM while the main processor runs jobs. The IOM includes 
a pluralty of data channels for communicating with peripheral devices and a central 
channel which consols access to main memory for ra ch of the data channels. The 
data channels include common peripheral mterrace (CPI) channels having a transfer 
rate in excess of 650,000 characters per second, which interface with many low speed 25 
peripheral devices. Additionally, the data channels include peripheral subsystem inter, 
face (PSI) channels having a transfer rate up to 13 million characters per second 
which are used with high speed peripheral devices such as disks. Further, a direct 
channel is provided for front-end processors and allows data transfers as high as 1 
million bytes per second 3q 

External to the IOM and controlling the various peripheral devices are magnetic 
tape controllers, unit record controllers for low speed peripheral devices such as card 
readers and printers, and MPCs for high speed disk devices. 

The present invention provides a processor for use in an input-output process- 
ing system which system performs communication and control functions in a larger 35 
data processing system, comprising: 

a) data-in register means, 

b) data-out register means, 

c) instruction register means receiving and storing a plurality of instructions to 

be executed, 40 

d) control store means storing addressable microinstructions including standard 
sequences of microinstructions corresponding to specific instructions, 

e) switch means addressing said control store means and catting microinstructions 
in response to an instruction in said instruction register rn^ns a return address 
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request, a next address request, an exception/interrupt routine request, or a page 
able word miss indication, 

f) adder/snifter means performing address formation, arithmetic operations, and 
data manipulations required for instruction execution, 
5 g) working register means storing an instruction count, data being processed, and 5 1 

mem or y addresses, and providing an address output and a data output, 

h) a page table word scratchpad receiving relative address outputs from said N 
working register means and developing, with said adder/ shifter means absolute 
addresses, 

10 i) a general register scratchpad responsive to said control store means and receiv- \q 

ing relative address outputs from said working register means, and including a pro- 
cess state register, an instruction counter, a page table base register, and a plurality of 
general registers, 

j) a first operand switch providing operands to said adder/shifter means, the 
15 operands including data from said working register means and data from said 15 

general register scratchpad, 

k) a second operand switch providing operands to said adder/shifter means, 
the operands including displacements and values from said instruction register rm-^n^ 
instruction counter increments and constants from said control store, and data from 
20 said data-in register »w>"«i iq 

1) process state and process control register responsive to inputs from said 
working register means monitoring and controlling processor operation, 

m) a result cross-bar means providing outputs to said data-out register means, 
said working register means and an operator display panel, and 
25 n) switch means providing inputs to said result cross-bar means from said adder/ 25 

shifter means, said general register scratchpad, said process state and process control 
register means, and addresses. 

This processor can thus form the proce sso r portion of an input/output process- * 
ing system which combines communication and control functions, thereby relieving the 
30 main processor of these functions. The basic elements of the input/output system 30 
include a system interface unit (SIU), a high speed multiplexer, a low speed multi- 
plexer, at least one local memory, a remote memory adaptor, and a processor. The 
system interface unit provides connections between the baste elements of the input/ 
output system, and in addition to providing for access to local or remote memory by 
35 the other morinkis, the SIU provides for direct accessing of the multiplexers by the 35 
processor. 

Functions not directly involved with high-speed data transfers are performed by 
the processor. These functions include initiation and termination of I/O command 
sequences, fetching, checking, and translating channel programs, and direct control of 
40 low speed peripheral devices such as unit record and data communications equip- 40 
meat The processor also provides absolute address development for paged memory 
storage. 

A processor in accordance with the invention will now be described by way of 
example, with reference to the acco m p a nying drawings, in which : 
45 Fig. 1 is a block diagram of an IOP system including the processor; 45 

Fig. 2 is a block diagram of the processor; 

Fig. 3 is a block and timing diagram for local and remote control registers of the 
processor; 

Fig. 4 is a block diagram of a adder/ shifter unit of the processor; / 
50 Fig. 5 is a schematic diagram of address development in the processor; and 50 * 

Figs. 6 to 20 are riming diagrams of various routine operations of the processor. 
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Exceptions 
Interrupts 

Address Development 
Instruction Summary 
5 Immediate Operand Instructions 

Shift Instructions 
Bit Field Instructions 
Branch Instructions 
Timing Diagrams 

10 Input/Output System 

The input/output system operates in association with the main processor and 
mcm ? I 7 ofa large commputer system to provide multiplexing and control of data 
transfers between peripheral devices (Le. disk, tape, unit record, communications, etc.) 
and the central processing unit Generally its functions include the addressing and 
controlling of data transfers between the peripheral devices and the main memory 

Figure 1 is a block diagramm of the I/O system. 15 
. JP* c? 0 ^ component of the I/O system is a system interface unit (SIU) 
wnicn provides connectios between the various components of die system. In addition 
to providing for access to local or remote memory by the other modules of the system, 
J™^ P ^^TT? r i direCl ******** of Multiplexers and controller adaptors by me 
processor. The SIU also controls the interrupt discipline of the system, 20 

As will hereinafter be described in detail, the processor is general purpose includ- 
ing a complement of register-register, register-inemory, immediate, branch, bit field, 
and shift instructions. «i 

25 * communications input/output (CMIO) unit provides direct control of data 

transfers between communications line adaptors and the local memory. Interaction 25 
writhe input/output processor (IOP) via the SIU is necessary for data transfer 

m ^^J C ^ manDry - * i^J 7 ^ !* or P ni2ed » » two-port cross-barred read/ 
write store with an opuonal cache (book-aside associative memory). A remote memory 
aoaptor (REMA) provides a means of exchanging control signals and data between 30 
tne iur processor and remote memory units. 

„ m ^plexer (HSMX) permits direct control of data transfers be- 

Snl^l^vT 1 ^ ( disk - ca P e ) the local memory. A low-speed 

2^2? (LSMX) permits direct control by the IOP processor of iow-speed per*, 
pheral devices, including unit record peripherals, consoles, and data conmiumcadons 35 
adaptors. 

adap ^ s sk Md ^'ce « connected to the high-speed multiplexer by controller 

™,u P ^l!T}5i and i^_? Bsf ^ ratesfor the I/O system include a local memory 
cycle tune of 140 nanoseconds with cache (look-aside associative memory). The hieb- 

i^uftS? i^""* 1 " 5 me « abits P" » toed through-putTa 

? HSMX 10 megabytes per second. The low-speed multiplexer Xough-put 

« determued by the attachments to its device adaptors, with a maximum biimdata 
|f HP***** 70 kilobytes per second. Total maximum input/output 
transfer rate is 30 megabytes pa- second for each REMA connected to the SIU. 
. .^Jf^PO" of the SIU may include a data interface (DI) and a proeram- 
(P J-!i° r " attacfa ? 1 For exampk, the HSMX will haveTdam 

interface for the high-speed transfer of data and a programmable interface for com- 

T???™" 3 » d me P™**™- The LSMxVTmHtherTS^* onhTS 
PI for data transfers and processor control of the LSMX. 

. Memory the I/O system is paged. Therefore, memory addresses may be 

ETS V abS 5i ute , 2 d ~- A ™* ***** ™* be converted 

by the processor to an absolute address before accessing stored information. 

General Description of Processor 

Figure 2 is a functional block diagram of the present processor. Data and instruc- 55 
^£°? > * e ' n if faa t uni c t (SIU) are provided at a data in register 10 and 

processed dao is provided to the SIU at a data out register 12. As data is clocked 
into register 10 a parity check is made and parity errorT are noted. 

• *f trucno °f «" Pto** "> ' ■ "look ahead" dual read-out register 14 which pro- 
„ *V°,"f word 5 buffering for instructions. An Wevel control sure address (CSA) 
switcn 16 provides an address to a control store 18. One level of the CSA switch 16 
is provided by the instruction register 14 via a pathfinder unit 92. The control store 
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18 contains xncxoinsmjcDom which control data manipulations, and an addressed 
niicroinstruction is stored in a control store register 19. t 

Data from register 10 is loaded into one level of an eight-level B switch 20 
which, along with a two-level "A" switch 22, provides operands for an adder/shifter 

5 network 24. The "B" switch 20 is controlled by a field of the inicroinstruction in the 

control store register 19. "A" switch 22 has inputs from dual read-out working regis- 
ters 26 and from a general register scratch pad 28 via a south pad register 30 (SPB) 
The dual read-out working registers 26 contain 3 working registers Rl to K3 and a 
register containing an image of the instruction count (1C) contained in the gene™ 

10 register scratch pad. A WRR output from working registers 26 is suppLied to A 

switch 22, "B" switch 20, and PSR/PCR registers 42 and 44; and a WX? output 
from working registers 26 is supplied to the general register scratch ^pad 28. 

The adder/shifter network 24 which receives operands from B switch 20 and 
"A" switch 22 performs all of the arithmetic, logical, and shift operations required 

15 for address development and instruction execution. 

A page table word (PTW) scratchpad 34 provides storage of 16 page table words 
for each 8 priority on operating levels. A four-level address switch 36 concatenates 
aridr*^ for either programmable interface commands or read/write memory cycles 
(either paced or absolute). . . . . . . 

20 ThToutput from the adder/shifter network 24 is supplied through a four-level 20 

cross-bar switch 38 to result crossbar (R X-BAR) output 40 and thence to data out 
register 12. The R X-BAR outputs provide simultaneous transfer of the selected input 
toboth the data out register 12 and the working registers 26. Switch 38 aiso receives 
inputs from process state register (PSR) 42 and process control register (PCK) 44 

25 through a switch 46, and from the general register scratchpad 28. 

The "win components of the processor will now be described in denuL 
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General Register Scratchpad , _ . 

The general register (GR) scratchpad 28 contains 128 forty-bit registers. Each 
register ™n»inc 4 nine-bit bytes with a parity bit per byte. Data written into the 
scratchpad comes on the WRP output from one of the four working registers of me 
dual readout register bank used to impirmrrtf the working registers 26. Registers 
included in me scratchpad are, for each level, a process state, register (PSR), an 
instruction counter (IQ register, a page table base register (^R), an^raen 
general registers (GRS), some of which are used as index registers (XRS). The seven 
bit address for the scratchpad is generated in a one-of -eight scratch pad address switch 
(SPA) 32. The switch control inputs are wired to the Control Store register (CSR) 
19 The most significant three bits of the address define one of eight levels and the 
least significant four bits define one of sixteen registers within that ieveL For six of 
the eight positions, the level LEV is supplied by Active Interrupt Level (AIL) lines 
from the SIU. The eight address sources feeding switch 32 are as follows: 

0) Seven bits (K2— 8) of the constant field of the CSR which allows addressing 
anv register in any IeveL „ . . , . , 

1) Tne AIL lines and four bits (K5— 8) of the CSR constant field which allows 
addressing any register in the current IeveL 

2) The WRR output of the dual readout working registers bits 29—35. This 45 
allows a working register to provide an address for either initialization or software 
add r***"* 1 ?* 

3) The AIL lines an bits 19—22 of the current instruction. This provides an 
XR2 read address for second level indexing. 

4) The AIL lines and bits 14 — 17 of the current instruction. This provides an 
XR1 read address for first level indexing. 

5) The AIL lines and bits 9—12 of the current instruction. Tms provides a 
GR1 read address for operand access. 4Q . , 

6) The AIL lines, bits 0—2 of a Write Address (WA) register 48, and a wired 

55 logical 1 for the least significant bit. This provides an odd address of an even/odd pair 55 
read or write instruction. 

7) The AIL lines and bits 0—3 of the WA register. This provides an address tor 
all software writes into a GR at the current IeveL This includes GR loads and return- 
ing execution results to the destination GR. . 

The output of the scratchpad goes through a one-of-two switch 51 into the SrB 
register 30 which feeds the Result Crossbar R X-BAR 38. Switch 51 allows opera- 
tions on a GR and a working register or on two working registers by loading the 
contents of either into the SPB register. Switch 51 is controlled by an SP control 
fidd in the CSR 19. 
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^ Write Address (WA) register 48 can be loaded from either bits 9—12 or 
« the current instruction. This provides an address for loading a General 
Register (GR) or returning a result to a GR. This is necessary since the GR address 
in the instruction being executed is no longer available our of the dual readout instruc- 
5 non register once the IC is updated. The GR address is therefore saved in register 

WA and used for a write operation by setting a Write (W) flip/flop, associated with 
register WA, which, resets on the first clock after it is set unless a WA control field 
in the CSR once again sets it (rwo word load of the GR). A GR scratchpad write 
clock is generated on all clocks occurring while the W flip-flop is set m p^s WA=0. 
10 SPB register 30 is a forty bit register (four nine-bit bytes inrliJlinp a parity bit 

5? -J 3 ?^* Ic P 10 ^ 0 buffering for words read out of the scratchpad. Parity is 
cbected for the data in the SPB register. The SPB register load clock is controlled 
by a CSR SP control field. 
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A and B Operand Switches 

Tne A and B operand switches provide the two operands for the Adder/Shifter 
network. A switch 22 selects either the SPB register or the WRR output of the dual 
readout working registers. The selection is controlled by a bit in CSR 19. However 
the control is forced to select WRR if the W flip-flop is set and if the address in the* 
™ w A registers is equal to the contents of XRl. This causes the new values of GRl 
or GR,: to be used if the previous instructions modified them. The switch output is 
forced to logical O's if the DL position (see below) is selected in B switch 20 and 
no indexing is called for (XR1=0). 

B switch 20 selection is controlled by a three bit field in CSR 19. However, the 
least wgmncant bit from the B switch is forced to logical 1 if the DL position is 
^ d aeC0Dd ^ hexing « required (bit 18 of the instruction =1). The «>< 

eignt switch positions are formatted as follows : ~ J 

^J)^ °— 19 f">m the B switch are all equal to IRSW 19, Le. bit 19 of the 
IRSW (instruction register switch) 80 output. Bits 20—35 are wired to IRSW 20— 
T rl is me displacement held for either first level or no indexing. 

Th- } i^.^T 23 m ^Xfr 10 IRSW 21 Bits 24 ~ 35 are wired to IRSW 24—35. in 
This is the displacement field for second level indexing. JU 

2) Bits 0—30 are equal to.IRSW 8. Bits 31—35 are wired to IRSW 9—13 
This is the short immediate value, Le. an immediate operand value given by the in- 
struction itself. 1 

3) Bits 0-17 are equal to IRSW 8. Bits 18—35 are wired to IRSW 18—35. ic 
I ms is the long immediate value. 

V\ I^ 5 J^ 0 , 00 sd f CB out P ut «* *e dual readout working registers. 

CSR iJKL^feE ^ ,0glCal !? i !" ^JL 0 ^ to the most significant fit of tbe 
CSR constant field. This provides the number 8 for incrementing the IC to point to 
40 me next even/odd msmicaon pair (8 bytes) in memory. Bits 33 and 34 are memer 4n 
equal to the ^mgth id bytes of the current instructioD word if the two mosTamSt 40 
bits of the CSR constant field are O's (10 for a 2-byte word and 01 for aTbylfword) 
SKZSSi SV"" «« - ^ p SR if the next to most significant L of the 

45 6) Bits 0—26 are O's. Bits 27—35 are wired to the CSR constant fidd. A t 

7) This position selects the SIU Data In (DI) register. 45 

Adder/Shifter Network 

A„ "f?? di ff?fl 0 f„ thc Adder/Shifter network is shown in Figure 4. 

An Adder-Upcal Unit (ALU) 60 executes 36 bit arithmetic and logical operations 
I 3^*^ P** for either A or B operands to the R X-BAR via 50 
'CsTtL att?^ ^ °P eratl 1 ?"f " e controlled by ALU/Shift input bits in the 
CSR. The ALU mode is controlled by the least significant bit of tbe PSR/PCR con- 
trol mts in tne CSR. 

— A S ^! hc I 64 T 0 "?. lUfB of 0 to 36 bits. Two input switches 66 and 68 
fiZ%L*?J™ W 66 Shlfted ' and snifts «« executed with the option" << 
inserting either zeros or a sign bit. Left shifts are executed by inhibiting the Right 55 
switch (logical zero) and selecting the A operand in the Left switch. A shift count 
is tten generated equal to 36 minus the number of bits to be shifted left. Right 
shifts are executed by selecting the A operand in the Right switch and either zeros 
or tne sign id the Left switch (zeros are generated by inhibiting the switch output). ftn 

The shift is executed in two ranks. The first rank executes mod 4 shifts aid the 
second rank shrfrs 0, 1, 2, or 3. (A nine bit shift would be executed by shifting two 
in the first rank and one in the second rank). Bits 0-3 of the output of a discount 
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switch 70 arc wired to the shift control inputs of the first rank and bits 4—5 are 
wired to the least significant two bits of the second rank with the most significant two 
bits of the second rank wired to logical zeros. . , . 

The shift count switch 70 is controlled by the most significant three bits of tne 
5 CSR constant field. The positions are as follows: . 

0) This position selects the difference between 36 and the least significant 6 tots 
of the output WRP of the dual readout working registers 26. This position is used 

*° r ^) This position selects the least significant 6 bits of the output WRP of die dual 
1 0 readout working registers. This position is used for right shifts. 

2) This position is wired to the least significant 6 bite of the CSR constant field. 
It is used for shifts when the shift count is defined by the control store. 

3, 4, and 5) These three positions are wired to the bits 18—23, 24 — 29, and 
30—35 (fields Fl, F2, and F3); of the current instruction. They are selected to 
15 execute extracts, inserts, and conditional set/reset bits. 

6) This position generates the number 27, 18, 9, or 0 when WRP 34—35 is 
equal to 00, 01, 10, or 11. It is used for extracting a byte from a word as a function 

° f ^)*^ a po^5on generates the number 9, 18, 27, or 0 when WRP 34—35 is equal 
20 to 00, 01, 10, or 11. It is used for positioning a byte into the proper zone as a function ~ u 

of the byte address. 

The ALU/Shifter output switch 62 selects the ALU, Shifter, or 32 bit Store/ 
Load outputs as follows: 

0) TTiis position selects the Shifter output. ^ 
25 1) This position selects the ALU output. 

2) This position converts a 36 bit word from a GR to a 32 bit format for a 
Store 32 operation. , . .. . . 

3) This position converts a 32 bit format to a 36 bit word prior to loading into 

a GR for a Load 32 operation. . . . . , n 

30 This switch is controlled by ALU/Shifter output switch bits in CSR 19. It w 

provides one of the inputs to the R X-BAR. A Condition Code (CC) is generated 
from the switch output. 
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PTW Scratchpad 

The Page Table Word (PTW) scratchpad 34 provides storage for 16 PTWs for 
35 each of the eight levels (128 PTWs). The output of the B operand switch 20 pro- 

vides write data into the scratchpad and the write clock is controlled by a bit in the 

^ SR *A PTW scratchpad address is generated from either the least significant 7 bin 
of the WRP output of the working registers 26 or the levei and bits 21—24 of the 

40 WRP output. The first position is for initialization and GR to PTW transfer. The 

second position is for reading/loading PTWs while paging addresses and loading 
missing PTWs. The address selection is controlled by a bit in the CSR. 

Each byte of the PTW scratchpad output is parity checked The PTW scratch- 
pad output provides input data to two of the four positions of address switch 36. u 

45 [he PTW scratchpad output is selected by the Paged position of the address switch 4? 

the following checks are made to determine if the PTW is valid (the priority of the 
checks for declaring faults is in the order shown): . ,<» 

1) Bits 30—35 of the PTW are compared to the contents of a Key register 72. 
(The Key register identifies the process with which the PTW is associated and is 

50 loaded with bits 30—35 of WRP each time GR 15 is loaded). 

2) Bits 27—29 of the PTW are compared with bits 18—20 of WRP. This is to 
verify that the correct PTW is resident in this PTW scratchpad location. (0, 16, 32, 
etc. all reside in the same scratchpad location). 

3) The next check is to see if the page is resident in R/W memory. A zero in 
55 PTW bit 6 indicates that the page is not resident in R/W memory. 

4) If the first three checks pass, bits 4—5 of the PTW are compared with the 
type of operation being initiated. A data read is always legal. An instruction fetch 
requires bit 4 to be 1 while a write requires bit 5 to be 1. 

If the PTW in the scratchpad fails any of the above checks, it will be accessed 
60 from a Page Table in R/W memory and checked again prior to causing an exception. 

Address and Steering Switch , . _ . 

An address word for either the R/W memory or me Programmable Interface is 
generated in the address switch 36. The switch is controlled by address switch control 
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bits in the CSR. If the paged position is selected and the PSR reflects the absolute 
address mode, the absolute position of the switch will be forced so that paging is by- 
passed. The four positions are as follows : 

0) This position generates a paged address to R/W memory. Bit 0 equal to zero 
defines a R/W address. Bits 1—3 are provided by ZAC (memory- command control) 
bits in CSR. Bit 4 is equal to zero. Bits 5 — 8 are zone bits and are generated as a 
function of the R/W memory operation. Reads cause zeros, word or double word 
writes cause ones, and b yte writes cause ones in th e byte positions to be written. Bits 
9--24 are equal to PTR bits 9—24 from the PTW scratchpad, which is the page base 
address. Bits 25—35 are equal to WRP 25—35 which is the page relative address. 
When this position is selected, the WRP output of the working registers must reflect 
the unpaged address. 

1) This position generates a R/W memory address when no paging is required. 
It can be selected by the CSR or will be forced if position 0 is selected and the PSR 
reflects the absolute address mode. Bits 0 — 8 are the same as position 0 Bits 9— 35 
are equal to WRP 9—35 which must be equal to the absolute memory address when 
this position is selected. 

2) This position generates a Programmable Interface (PI) command word. Bit 0 
equal to one defines a PI command word. Bit 1 is supplied by the CSR ZAC field 

20 Bit 2 is equal to bit 9 of the PSR and defines whether the current program can alter 

cxtcn »l registers. Bit 3 is equal to the ^processor number supplied by the 
SIU. Bit 4 is equal to zero. Bits 5—8 are equal -to PSR bits 4—7 and define the 
port within the multiplexer. Bits 9—35 are equal to WRP 9—35 and must be equal 
to the absolute address generated for either readin g or w riting external registers. 
.5 3) This position provides a path for reading a PTW from the scratchpad. 25 

Bits 0—3 of the address switch are modified to reflect the R/W memory steering ' 
during loading of absolute addresses into GRS. This requires bits 0—3 to reflect 

ui Jl ltS C> "~ 3 tf pagcd WRP a " 3 * m absolute address mock. This would be 
enabled due to position 0 Of the address switch being selected and no R/W memory 
30 cycle bong initiated by SIU request control bits in the CSR. 

A 6-bit steering control word provides the SIU steering for either a R/W memory 
cycle or a Programmable Interface command. It is controlled by the address switch 
fdJom- m CSR " ^ Stccring comrDl word is generated for R/W memory as 
35 BitO: This bit equals 0 for R/W memory. 35 

Bit 1: This bit defines local or remote memory. It is equal to PTW bit 0 if 

paged or WRP bit 0 if absolute. 
Bi£S 2 ~ Tf. : .- T hcsc bits m mcmor y steering bits. The initial value is equd 
ah ? V~ 010 l — 3 * Wed or WRP hits 1—3 if absolute. This is aisothe 

4U final value if bit 1 defines remote memory. When bit 1 defines local 40 

memory, bits 2 and 3 define the local memory port and steer addresses to 
a ROM in the local memory controller. The final value of bit 2 is equal to the 
v?ft^ e . OR , rf ""^ vaiuc ^e Local Memory Port Specifier 
2£ U T J from mc SIU - ^ 60511 valuc ofbit 3 " equal to the Exclusive 
n* c J? and ra R0M oit toe initial value is zero. 45 

Bit 5 : This bit defines a single or double word memory cycle. It is equal to bit 

1 of the CSR ZAC field. 
Bit 6 : This bit defines a read or write cycle. It is equal to bit 0 of the CSR ZAC 
field. 

50 Jke steering control word is generated for a PI command as follows • 

Bit 0: This bit equals 1 for a PI command. 

Bits 1—4: These bits define the SIU port to which the PI command is directed 

and equal bits 0 — 3 of PSR. 
Bits 5—6 : These bits are the same as for a R/W memory cycle and are generated 
5? in the same way. 

CTIT ""ring control word is clocked into a steering register (not shown) in the 
MU each time a mcmory cycle or a PI command is initiated 

Result Crossbar 

An u 1 ? 6 P** 1 C 2* soar < R X-BAR) 38 provides simultaneous transfer of its inputs 

60 to both the Data Out and Working registers. A third output is wired to a display 
panel and provides a path to display the contents of most of the IOP registers The 
output to the working registers is controlled by Write Address bits in the CSR and 
can select any of the four working registers. The output to the data our register 12 
is controlled by a data out Write Address bit in the CSR and can select either the 
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ALU/Shifter Output switch or the Address switch - ^SS^lS 
forced to select the PSR/PCR input if a sdecnon line from the SIU is acovatea. 
four inputs to the result cross-bar switch are as follows : 

0) ALU/Shifter Output switch 5 

1) Address Switch 

2) PSR/PCR Switch 

3) SPB Input Switch 

W ^fc^rking registers are confined in «hc dual r^out f™**^ [Q 
Regisu7o contains^ current Instruction Counter <&l£mgct**lCi ?3 S 
Stained in the current level', GR1 of theGR ^'^p^^' 3 
working registers for instructon execution. ™£ .^JJp^ 1 ^"^* used to 

Th* rwn workine reristex outputs are labeled WKr ana wwt ww » y*** 
««J?TV. faffiSfV scraffid and for R/W and .5 

supplies the output from the selected working register to both the £R scrat^pad ana 
r he SPB reaister The selection of a register to WRP « controlled by WRP bits m me 
ttl WRRTused to^ide operands to the A and B operand switches »d the 
gSsTo bo£ rhePSR and PCR registers. The selection of a register to WRR .s 

20 """SJaSS te^T-loaded from any of the crossbar switch 38 input, 20 

The register to be loaded and the white clock are controlled by register select and 

^Tta ^«£S on the registers selected for Ae read and write opera- 
tions. They can be three different registers or they can all be the same one. 

25 PSR/PCR Reoster (PSR) 42 is kept outside the GR scratchpad since it 

is J^^SSSSS^- It is £ded from the WRR output ofthe 
wortogTgfirs. A write clock is generated for *e PSR each unc 
pro«am loads GRO (GRO written using the WA address) or the PSR/PCR control 

30 bits in the CSR define a write PSR operation. . _„,..„ 30 

Th* Mirire PSR is loaded during a master mode load of GRO, the execution 
of an^LXn from aV^« Control Block (ECB), or the execution of cemm. 
other StrSns! When an interrupt is executed, the steering from an Interrupt data 
worf tomSdtao tte PSR from\n Interrupt Control Block (ICB) pnor to loading. 

A condition code (cc), a carry (c), and a process timer ^.conunuoudr updated^ 35 
The cc is loaded each time an instruction is executed requiring a cc update. C is 
^wiW^carTourput of the ALU each time fe. cc 

m the arithmetic mode. The process timer is cteoementcd each time rbe Timer TKte 
Seles through O. The Timer Ticker is an eight bit counter which counts on aU 
swtem dodkl The Timer Ticker is also used to detect an operation not complete or 
lock up exception as described in the section on exceptions. 

Tte Process Control Register (PCR) is common to all levels. It ^is l<*d=dfrom 
the WRR output of the working registers (not all bits are loadable). A .write dock «s 
grated foTme loadable bitTwbln the PSR/PCR control bits in the CSR define 

45 * "ItfSBStd 28-34 are loadable. Bits 0-16 are set when a defin^ con- 
dition occurs and are reset by a set/reset control bit in the CSR. Bib 23—26 are 

^ f p%R^switcf46 feeding the R X-BAR 
50 into one of the working registers. This switch is controlled by the PSR/PCK control 
b£ £fe CSR toTf onled to selea PCR if the DPCR line from the SIU is activ- 



35 



40 



The dual readout register bank 14 provides four words of buffering for instruc- 
tions. The current instruction read (CIR) output and / ext "^fSL friction ss 
55 output provide access to the relevant instructions (independent of the : ms trucoon 55 
kngdi a^d address). This is provided through an instruction register switch (IRSW) 
80 The CIR address is equal to the current Instruction Counter (IQ bits 32 and 
33'wh^lxiints to one of the four words. The NIR address g=nerat«i to pmm 
to the following word. IRSW is controlled by the current b.t 34 of : the IC which 
60 defies wheSe? the instruction starts on a word or fJ^J^'^J^SS 
IRSW Dositions are therefore 0) OR 0—35 and 1) CIR 18—35, NIK l>— 1/. u^w 
£lS wm reflecTa half word 'instruction and IRSW 0-35 will reflect a fuHword 
instruction. The CIR and NIR addresses are updated each tune the working register 
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IC is updated. AH fields of the instruction word must therefore be used or saved 
(WA) prior to updating the IC . 

The IR 14 is loaded each time a new value is loaded into the IC due to an inter- 
rupt, exception, branch, etc, or each rime a CIR address crosses over a two word 
5 boundary when the IC is updated by the current instruction length. The instruction 

ac ces s control is described below for the two conditions 1) entering new procedure 
and 2) incrementing through current procedure. In both cases the instruction fetches 
are double precision memory cycles and the addresses are paged unless the PSR 
defines absolute mode. 

10 1) The double word instruction fetch is initiated and the IR write address loaded 
at the <a»™» as the value of the IC is updated. The IR write address is loaded 
with 00 if IC 32=0 or 10 if IC 32=1. (The CIR and NIR addresses are loaded 
when the new IC value is loaded). When the first word is available from memory, it 
is written into IR and the least significant bit of the write address is set to 1. This 

15 causes the next memory word to be written into the second word of the pair (IR 

write address 01 or 11). The IC value plus eight (bytes) is then used to initiate 
another double precision memory read using the paged (if required) address. The 
IR write address is updated to the next two words (10 if IC 32=0 or 00 if IC 32= 1) 
and a test is made to see if instruction execution can begin or if instruction execution 

20 must wait for the memory cycle to complete. The test is on bit 33 of the IC. If the 

test indicates that the new procedure is being entered at the last half word of a two 
word pair (33, 34=1, 1), me instruction execution must be delayed until the data is 
available from the second double precision memory read to guarantee that the IR 
contains a full instruction word. 

25 2) The execution of each instruction includes an update of the IC by that 25 

instruction's length. If this update causes the IC to pass over a two word boundary 
(old IC 32?±new IC 32), the two word area of the IR thar was just finished (old IC 32 
value) is loaded with a new instruction. The new IC value plus eight (bytes) is used 
to initiate a double precision memory read using the paged (if required) address. The 

30 IR write address is updated to point to the IR area available. When the two words are 30 
received, they are written into the two word area as described above. 

Control Store Addressing and Sequencing 

A Control Store Address is generated by the CSA switch 16. The first four 
positions of the CSA switch are controlled by the CSA switch control field in the 

35 CSR- The CSA switch control can select the Next Address Register (NA) 82, the 35 
Return Address Register (RA) 84, the Execution Address Register (XA) 86, or the 
output of the Standard Sequence decode network (SS) 88. (Toe SS decode network 
88 may be combined with pathfinder unit 92 to provide both standard sequence and 
execution addresses to control store 18). The Exception/Interrupt position is forced 

40 when an exception on interrupt exists. The two PTW miss positions are forced when 40 
a PTW miss is detected. The constant position is selected when the Branch control 
field in the CSR calls for a branch to a constant address. 

NA is loaded on each execution dock by the sum of the CSA switch 16 output 
plus one plus a conditional skip constant from unit 90. If no skip is called for by 

45 the CSR skip control field, NA is loaded with the address of the microinstruction 45 
immediately following the one being accessed (i.e., the clock that loads the micro- 
instruction at address M into the CSR loads the address M + 1 into NA). If a number 
of microinstructions are to be conditionally skipped, the CSR skip control field can 
specify that a skip be executed with the CSR constant field defining the condition to be 

50 tested and the number (1 to 7) of microinstructions to be skipped. The sequence for a 50 
skip is as follows : a microinstruction at M calls for a conditional skip, the execution 
of this microinstruction loads M+l into the CSR and loads the address of 
M+l + l + SKP into NA. SKP=0 if the skip is not satisfied and equals the skip 
count defined in the least significant three bits of the CSR constant field if satisfied. 

55 The skip is inhibited if any of the last four positions are selected in the CSA switch. 55 
The conditions that can be tested for skip execution are defined by bits 3—5 of 
the CSR constant field. WRR 35, WRR 0, WRR 33 and the carry bit in PSR need 
to be tested for zero or one. Tne PSR cc field will be tested for zero, one, two, or 
three. Bits 1 — 2 of the CSR constant field are used to define the test. The conditions 

60 to be tested are as follows: 60 

0) WRR 35 = K2 if Kl = l WRR 0=K2 if K1=0 

1) Carry bit in PSR=K2 

2) WRR 33 34=K1 2 

3) Address syllable (AS) with IRSW 18=0 
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next instruction. 



Control Store Register , . „ 

The Control Store Regster (CSR) 19 contains the imcnnnstrucuon being 
executed. Provision is made for a remote CSR register, as indicated. 



20 



25 



30 



4) PSR cc field has corresponding bit in IRSW CF field 

5) PSR cc field=Kl— 2 

f>\ fR5sW 7=WRRO if K1=0 IRSW 7=K2 if Kl = 1 ^ , 

7 ^ iSdtaSU Present (HLIP) « Levd Z^«$« Prcsem 
5 (LZP) line from SIU if K2=0. Levd Zero Interrupt Present! ^J™= SIU if 1. 

TleRA register 84 is loaded from the NA register 82 whenever the Load RA bit 

" ""^XA^ter 86 is loaded from the pathfinder unit 92 output each rime the 
The XA register bo is if. rf ^ naihfinder unit will be 

SS position is selected in die CSA switch, ine use m me in 
10 dacEbelow. Its output is a control bit and an eight-bit address. The address * 10 

SdBM LS» the upjer 256 words of Control Store (address bit rero » forced to 
1 in the XA position of the CSA switch). . . 

The execution of a software instruction is m two phases^ &nt ph^r is a 
rmcroinVtrucrion sequence common to a group of instructions. The rsecond j*ase is a 
15 microinstruction sequence (which is only one wroawntt"! » «* ^iS' 15 

nTrhe soecifk: software instruction being executed. After completing the second phase, 
^^ptaSd? next instruction would be entered (in some cases, the se^nd 
phUn^reLm to the common phase «RA register M fora few additional com- 
mon steps prior to entering the common phase of the next insrruction) 
20 The ooerarion code of IRSW 80 provides the pathfinder unit address and an 

input rhT*andarf Sequence decodenerwork 88. The Standard Sequence decode 
Swork generates the Control Store address of the start of the ^f^°° 
SuMce^mmon to the group of instructions containing this ««• W 
iTreferred to as a standard sequence). The location in the pathfinder urat addressed 
25 &^perauon code containTrhe address in Control Store where^me unique s^uence 
for to uistmaion starts. The instruction is then executed by branching to the Stan- 
ch Sequence address, executing the common steps, branchings the urcque scqurn^ 
adSess in XA register 86, executing the unique sequence j-g^^ *g™3 
Count (IC) so that me next instructions operation code is enabled out oflKSW, and 

30 repeating the above sequence by branching to the new Starriard Sequence. ^ 

Thf interrupt answering, exception processing, and PJW sequences are 

entered by forcing the corresponding position to be selected in the CSA swu^ 
Interrupts are executed at the completion of software insrrucnonvlf 
Interrupt Present (HLIP) (not inhibited) or the Level Zero Interrupt Present (LZP) 
35 fiTfimm TmeSIU are 'active when the SS position of the CSA switch is i sefcoed 35 
by the CSA switch control bits in the CSR, the CSA switch control logic « forced 
to select the Exception/Interrupt position. This causes the interrupt answering 
Sequence to bettered rather than the next instruction's standard sequence The 
Inception/Interrupt position reflects the address of the mtemipt answering sequence ^ 

40 at lh «.^- TabJe Worfs (ptws) 0^ immediate entry into the PTW missing 
sequerxoT Either the operand or me instruction missing position is forced by the 
CSA^tch 16 controT ogic during the clock period "^^^TS^ 
paging step. The return from either sequence is to the standard sequence decoded 
45 from IRSW. This causes the instruction that was being executed to bestarted oyer 45 
Sun. TnerrforTthe microprogram win not do anything prior tothe PTW missing 
detection that cant be don7aglin. A flip/flop is « when the PTWm>ss» de£=d 
that stays set until the address is once agaan paged. A miss the second time rhrougn 

causes an exception as denned below. 

50 The exceptions fall into two categories. The first type causes an umnediate entry 50 

into an exception processing sequence. The second type docs not affect the CbA 
switch 16 control logic until the next instruction^ standard sequence is entered. Botn 
types cause the Exception /Interrupt position in the CSA switch 16 to be selected and 
set the corresponding bit in the PCR register 44. ^ , . Vtttwm - <. - 

55 The first category of exceptions is operation not complete, Page faults, Page not 55 

resident, and illegal instructions. They all must be serviced as soon as they are detected 
since continuation of instruction execution is impossible. The second category is pro- 
cess timer run out, overflow, lockup fault, and address rnisalignment. Divide check 
is handled by a test and branch if divisor is zero. They ail indicate fault but do not 
need to be immediately serviced and can wait until the start of the execution of the 
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There is a one of four position switch 94 supplying the input to the CSR. The 
four positions of the CSR input switch are as follows : 

0)1) These positions are the inputs from the ROM chips on the Control Store 
substrates, the first 256 locations and the second 256 locations respectiveiy. 
5 2) This position is the input from the maintenance panel 5 

3) This position reflects the local CSR. It is used to reload the remote CSR bits 
when the maintenance panel switches are used to display data. 

Data is displayed in the I/O system by simulating the CSR with maintenance 
panel switches. When the outputs of the switches are fed through the CSR input 
10 switch 94, a signal is generated causing the remote CSR to be loaded with the micro. 10 

instruction simulated by the switches. The old contents must be reloaded when the 
display of the register is completed. This is accomplished by selecting position 3 for 
one clock period prior to switching back to position 0. A block diagram of the input 
to the local and remote CSR is shown in Figure 3 with a timing diagram for reload- 
15 ing the remote CSR after using the maintenance pand switches for display. 1 5 

The format of the CSR is as follows: 

0 Clock NA into RA 

1 Execute SKIP (TCI— 2= test, K3 — 5= condition, K6— 8= skip count) 

2 Branch to K0 — 8 

20 3 — 4 WR write address 20 
00= write IC (Load WA if Write WR) 
01= write Rl in bank 26 (set W if Write WR and CSA=SS) 
10=write R2 
ll=write R3 

25 5 Wait for Accept Read Data from SIU 25 

6—7 X-BAR address for output to bank 26 
00= Adder/Shifter Output switch 
01= Address switch 
10=PSR/PCR switch 

30 11 = SP (scratchpad) Output switch 30 

8—9 Condition Code (CC) Control 
00= NOP (no operation) 
01 = Load Arithmetic 
10= Load Logic 

35 ll=L oad P arity of SPB Least Significant Byte 35 

10 Write PTW Scratchpad 

11—13 ZAC for R/W memory cyde (bits 1—3 of R/W address switch position# 
0 and 1) 
OXX = Read 

40 IXX= Write 40 

XOX= Single precision 
XIX = Double precision 
14 Set/Reset bit defined by CSR41— 44 
15 — 17 SIU Request Type 
45 000= NOP 45 

001= Interrupt Data 
010= Release and Interrupt Dam 

011= Memory or Programmable Interface Data (PI if 19—20= 10) 
100= Byte Read or Write (Byte address* R/W Zone if write) 
50 * 101= Instruction Fetch 50 

* 110= Instruction Fetch if CIR0=IRW0 
**1 11 instruction Fetch if SKIP test satisfied or if CSR1 =0 
18 PTtf Scratchpad address 

0= Extended Read/ Write from WRP 
55 1 = Current level PTW Read /Write from Effective Address 5 s 

19—20 Address Switch Control 

00= Paged address (control logic forces 01 if PSR 10= 1) 
01= Absolute address 
10= PI address 

60 11=PTW scratchpad 0—35 60 

♦These codes cause an instruction PTW missing sequence if a page fault is 
detected. 

**This code causes an operand PTW missing sequence if a page fault is 
detected. 
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21 Write WR 

22 23 CSA switch control (first four positions) 

00=Ncxt Address register (NA) 

01 = Return Address register (RA) 5 
5 10=£zecutiQD Address register (XA) 

11 = Standard Sequence Address 
24—25 WRR read address 
26—27 WRP read address 

00=IC l0 
10 01=R1 

10=R2 

11=R3 
28 A Operand Switch 

0=SPB 

1+WRR .< 
15 15 
29—30 PSR/PCR control & ALU Mode 
00=Read PSR or Logical Mode 
01= Read PGR or Arithmetic Mode 

10=Write PSR , n 
20 11= Write PGR zu 

31—32 Adder/Shifter Output switch 
00=Shifter 
01= ALU 
10= Store 32 

25 11= Load 32 Z3 

33—35 B Operand switch 

000=DL (position O, DL, of switch 20) 

001 =DS 

010=IS 

30 011=IL 3U 

100= WRR 

101=8, Word length, or Carry 
110=Coostant K0— 8 
111=DI 

35 36—44 Constant K0— 8 35 
This field is also used for mutually exclusive control 
36— 37=S/WL/CY control 

00, 8/WL/CY=IRSW Instruction word length 

01, 8/WL/CY=PSR Carry bit 

40 10, 8/WL/CY-8 40 

36— 38= Shift Count Switch 70 control 

000 Left shift 

001 Righr shift 

010 CSR Shift Count (39—44) 
45 011 Instruction Fl field 45 

100 Instruction F2 field 

101 Instruction F3 field 

110 Byte load 

111 Byte Store _ 
50 39_44=CSR Shift Count 50 

36— 44=CSA switch branch address 

37 — 38= SKIP test value for conditions tested for multiple values 
38= WA input switch Control (0=GR1 1=GR2) 

39— 41= SKIP test condition 
55 0000 WRR35=CSR38 if CSR 37=1 WRR0=CSR38 if CSR 37=0 55 

001 PSR 13 (carry)=CSR38 

010 WRR33=CSR38 

011 IRSW 14—35 contains Address syllable and bit 18=0 
100 irrelevant 

60 101 PSR CC field =CSR37— 38 60 

110 IRSW7=WRR0 if CSR37=0 IRSW7=CSR38 if CSR37=1 

111 SIU HLIP line active and not inhibited or LZP active 
42— 44= SKIP count 

38 — 44= GR scratchpad total address 
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41 — 44=GR scratchpad address per level 
41 — 44= Set/Reset bit address 

0000 Reset Halt Mode 

0001 Set Halt mode 

5 0010 Reset Inhibit Interrupt mode 5 

0011 Set Inhibit Interrupt mode 
0100/0101 Reset PCR Exception Storage 
01 10/01 11 Not Denned 

1000/1001 Invert Dam Out, Steering, and Interrupt Data Parity 
10 1010/1011 Invert GR Parity and inhibit GR SP write clock conditionally 10 

1100/1101 Inhibit GR SP write Clock conditionally 
1110/1111 irrelevant 
45—48 ALU Control/Shift Input switches Control 
45— 48= ALU operation (CSR30=mode) 
15 45— 46= Left Shift Input switch 15 

00 A Operand switch 

01 Sign of Right Shift Input Switch 

10 Zeroes 

11 Ones 

20 47^8= Right Shift Input switch 20 

OX Zeros 

10 B Operand switch 

11 A Operand switch 
*9— 50 GR Scratchpad Control 

25 00=NOP 25 

01= Write GR scratchpad 

10= Load SPB from GR scratchpad 

ll=Load SPBfrom WRP 
51—53 GR Scratchpad Address 
30 000=CSR scratchpad total address (CSR38 — 44) 30 

001 =CSR scratchpad address per level (AIL, CSR41— 44) 

010= Extended Read/ Write address from WRR 

011 =Currenr level XR2 

100= Current level XR1 

35 101= Current level GR1 35 

110= Odd register of pair addressed by WA in current level 
1 11 =WA address in current kvd 

Data Formats 

Format of data in storage— an address defines the location of a nine-bit byte, which 
40 is the basic element of data in storage. Consecutive bytes are defined by consecutively 40 
increasing addresses. A word is a group of four consecutive bytes. The location of a 
group of bytes is defined by the address of the leftmost byte. A group of bytes is 
halfword, word, doubleword, or quad-word aligned if its address is an integral 
multiple of two, four, eight, or sixteen, respectively. Instructions in storage must be 
45 halfword aligned. Word-length operands must be word-aligned, and doubleword 45 
operands must be doubleword aligned. 

Numeric Data — Numeric data has only one form — fullword integers. The radix 
point is assumed to be to the right of the least significant bit. Negative numbers are 
represented in two's complement form. The location of a data word is defined by the 
50 address of the leftmost byte, and the data word must be word aligned. 50 
32-Bit Operations — Interfaces that connect the IOP system to machines with a 
32-bit word length should pack the 32-bit data as shown, eight bits right-justified 
within each nine -bit byte: 



0 


ol ( 
rl rr 


3 


3 



This packing permits bytes to be addressed using the normal IOP system byte 55 
addressing. Special instructions (LD32, ST32) are provided to convert 32-bit numeric 
data from this form to a 36-bit, right-justified, sign-extended form, and back. 

Register Formats 

General — Visible registers are those processor registers which can be accessed 
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with processor software instructions. The following constitute the visible registers of 
die IOP system: 



a. Process State Register 

b. Instruction Counter 

c Page Table Base Register 

d. General Registers 

e. Control Block Base Register 

f. Process Control Register 



(PSR) 

(IC) 

(PTBR) 

(GR's) 

(CBBR) 

(PGR) 



10 



The PSR, IQ PTBR and GRs are held in scratchpad 28 as sixteen 36-bit registers 
and are assigned as shown : 



10 



PTBR 



STEERING jPTR|*|CC|C 



PROCESS TIMER 



ADDRESS 



GRi 



lyfe S PROG • PAGE TABLE BASE 



KEY 



Process State Register (PSR) — The Process State Register holds information 
essential to the control of the current process. It has the following format: 



PSR 
(GR 0 > 



STEERING PR 



7 8 9 10 It 1? n 1 



PROCESS TIMER 



15 



20 



25 



30 



35 



40 



Steering [0:8] — Steering inserted to identify interrupt source. 
P [8 : 1 ]— Privilege. Master (0) or Slave (1) Mode. 

R[9: 1] — External Register. Certain non-IOP/P registers cannot be altered if this 
bit is set. 

A[10: 1]— Address Mode. Absolute (0) or Paged (1) Mode. 

CC[11:2] — Condition Code. Meaning of the condition code is given for each 

IOP/P instruction. 
In general, the corr esp ondence is : 



Result =0 
Result <0 
Result>0 
Overflow 



CC<-0 
1 
2 
3 



C[13:l]— Carry bit out of adder. Carry (1) or No Carry (0) resulting from 
execution of instructions using arithmetic functions of the adder. (Add, 
subtract, multiply, divide, compare and negate). 

Process Timer [14:22] — A timer which is decremented periodically while the 
process is active. A process timer runout exception occurs when the timer 
value reaches zero. The timer is decremented once every 512 processor 
cycles. For a cycle time of 80 nanoseconds, this results in a minimum value 
of about 40 microseconds, and a maximum value of 2.67 minutes of the 
timed interval. 

Due to the frequency of access to the PSR, either for modification or reference, 
the actual value for the current process is held in a special register outside the general 
register scratchpad. For performance reasons, changes in the register are nor reflected 
in GR<>. This scratchpad location assigned to the PSR is used only to safestore the 
current PSR value in the event of an interrupt. 

Instruction Counter (IC)— The Instruction Counter holds the address of the cur- 
rent instruction. Since instructions must be half-word aligned, the least significant bit 
is always zero. The IC is held in GR„ and it has the following format: 



15 



20 



25 



30 



35 



40 
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(GRl> 



1 H 6 9 

S I RFU I 



L/R[0: 1]— Local /Remote. Specifics Local (0) or Remote (1) memory. 
S[l:3] — Steering. Specifies which remote memory for remote memory refer- 
ences. 

RFU [4 : 5 ]— Reserved for Future Use. 

IC[9:27] — The (byte) address of the current instruction. 

Page Table Base Register (PTBR)— The Page Table Base Register points to the 
page table used to provide paged a ddres s relocation for the current process. It may be 
loaded only in master mode. The PTBR is held in GR15, and it has the following 
format: 

?9 m » 



31 



• 9 



PTBR 
(GR l5 ) 



PR0G4 



PAGE TABLE BASE 



KEY 



L/R[0: 1]— Local/Remote. 
S f 1 : 3 1 — Steering. 

Prog. #[4:5]— Program Number. A field which may be used by the software to 
provide additional program identification. This field is ignored by the pro- 
cessor hardware. _ 

Page Table Base[9:21]— This is the absolute address of the base of the table of 
Page Table Words for this process. Since me address is filled to 27 bits by 
adding six zeros at the right, page table addresses must be congruent to 0 
mod 64 (bytes). 

Key [30:6]— The key is a process identifier used to associate Page Table Words 
with processes. 

General Registers (GRs)— The remaining 13 registers GR,— GR** are general 
registers. Their contents may be used as source or destination operands, or as first or 
second-level address modifiers. 

General Registers are used in even-odd pairs by some instructions. For these 
instructions, the GR number must be even and the odd register of the pair is the 
next higher numbered register. For example, if the even GR specifi e d is 4 the odd 
register is 5. 

Control Block Base Register (CBBR)— The Control Block Base (CBB) is an 
absolute address which points to the base in memory of the Exception Control Block 
(BCB) and Interrupt Control Block (ICB) rabies. These tables are defined below. 

The Control Block Base Register is actually held in the scratchpad location 
assigned to GR© for the highest priority process level Two CBB values, a primary and 
a secondary, are held in the register, which has the following format : 



0 


1 2 


* 10 




XI M 


\\ 19,20 K 




s 


CBB? 


^R 


S 


RFU 1 CBB! ] 













Secondary CBB 



Primary CBB 



The Primary CBB is used for all exceptions, and for all interrupts except those asso- 
ciated with local memory errors. When used, the primary CBB is aliened as shown* 
Primary CBB 



15 



10 



15 



20 



25 



30 



35 



40 



45 





s 


RFU 


CBB1 


000 00000000 



This alignment permits the location of the bases of the ECB and ICB tables on 
any 512-word boundary in any memory. 

The secondary CBB is invoked for interrupts due to local memory errors. When 
used, the secondary CBB is aligned as shown : 

Secondary CBB 



0 13 4 8 9 n 18 74 ?5 35 




5 


RFU 


000 0000 00 


CBB? 


0000000 0000 



This alignment permits the location of the bases of the secondary ECB and ICB 
tables on any 512-word boundary within the first 64K of any memory. 
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The Exception Control Blocks and the Interrupt Control Blocks are stored as 
shown below with respect to the CBB : 



CBB- 



icaza 



Process Control Register (PCR)— There is one Process Control Register (PCR) 
comnjuQ to all levels. It has the following format : 



PCR 



8 9 IS 16 H 1g 19 ?0 77 72 7t 77 79 



E set prions 



Parity 
Errors 



IZ 



RFU 



PROC 
• I 

UEVEl 



REQ. 



10 



15 



20 



25 



30 



35 



40 



45 



Exceptions [0:9] — Each bit indicates an exception of particular type. 

Parity Errors [9:7] — Identifies the point in the processor at which a parity error 

was detected. 

L$[16:l] — No responses ro level zero interrupt present (LZP). 
RFU [ 17 : 1] — Reserved for future hardware use. 

TficD[18:l]— T&D Mode. Halt instruction stops processor. All interrupts are 
ignored. 

ROM [19: 1]— ROM bit. Controls access to Read Only Memory. 
RFU [20 : 3 ] — Reserved for future hardware use. 
PROC # & LEVEL [23:4]— Processor number and leveL 
INH[27:1] — Interrupt inhibit bit. 

INT. REQ. [28 : 8] — Interrupt request bits. Each bit set indicates a software ;et 
interrupt at a level co r re s p o nding to the bit position Request level 7 (Bit 35) 
is always set. Processor interrupts at levels 0—7 use ICB's 8 — 15 respec- 
tively. 

Exceptions 

Exceptions are processor-detected conditions which cause automatic entry to an 
exception processing routine. Exception conditions may be created deliberately, or they 
may be the result of a programming error or a hardware error outside the processor. 
Exception conditions are denned as shown below, the correspondence being shown 
between type and bit positions of the PCR. 



PCR Bit 
0 

1 
2 
3 
4 

5 
6 
7 
8 



Exception Type 

Operation not complete (ONC). No response on an acceptance line (ARA or 

ARDA) from SIU. 
Page address bounds fault (Key check). 
Page access fault. 
Page not resident in memory. 

Illegal operation (invalid instruction, illegal slave instruction, or illegal slave 

operation). 
Process timer run out. 

Overflow if PSR CC= 11, Divide Check if PSR CC=00. 
Lockup fault (inhibit interrupts for more than 40 /is). 
Address misalignment. 



Exception conditions are identified by a four-bit exception number. For master 
mode entry exceptions, this exception number is taken from bits [10:4] of the 
instruction. In all other cases, the exception number is zero. The exception number is 
used as an Exception Control Block Number (ECB #) to identify a four-word Excep- 
tion Control Block (ECB) which points to an exception processing routine. The byte 
address of an ECB is given by : 

ECB address=Control Block Base— 16 (ECB # + 1). 
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The format of each ECB is shown below : 



17 



10 



15 



20 



25 



30 



35 



40 



45 



50 



8B-16IECB m ♦ 1) 



Sowing Arw Pwwtf tSAPI" 

PTfiR 



*A Saving Area Pointer (SAP) for the IOP processor is held in the third wAd 
of ECB 0, and a SAP for a second IOP processor is held in the third word of ECB 
1 if the system includes the IOP processors. The third words of ECB's 2—15 are not 
used. 

Before an exception processing routine can be entered, essential information about 
the current process must be safe-stored. This is performed as a part of the processor 
response to an exception. Since occurrences of exceptions may be nested (Le., a 
second exception may occur before completion of processing for the first, a stack is 
used to provide space for process safes tore. The stack pointer is called the Saving 
Area Pointer (SAP), and it is held in the third word of ECB 0. Multiprocessor 
systems require a second stack, and the SAP for the second processor is held in the 
third word of ECB 1. 

When an exception is detected, the appropriate Saving Area Pointer is retrieved, 
and information about the current process is safestored in the stack in the following 
order: 

tniliol SAP 




Finol SAP — „ 

The Saving Area Pointer is updated accordingly. 

The IC stored in the stack points to the instruction following the one in process 
at the time the exception was detected. The address stored in the first stack location 
is the last address of interest generated before the exception was detected. It is 
primarily for exceptions involving addresses, including operation not complete, 
bounds, access and massing page exceptions. 

After thi s inf ormation about the current process has been safestored in the stack, 
the PSR and PTBR are loaded from the appropriate Exception Control Block, and the 
address of the Saving Area Pointer use by the processor is loaded into GR 2 . This 
completes the entry to the exception processing routine. 

Upon completion, the exception processing routine must issue a special instruc- 
tion (RMM) to return to the process in which the exception was encountered. This 
instruction loads the PSR, IC, GR2, GR3, GR4, and PCR and the PTBR from the 
stack, and decr emen ts the Saving Area Pointer. If exceptions and RMM instructions 
do not occur in pairs, the exception processing software must ensure that the stack is 
properly maintained. There are no checks for errors in software manipulation of the 
stack pointer, or for stack overflow or underflow. 

Interrupts 

Interrupts are events detected outside the processor which require a processor 
response. Interrupts in the IOP system may be assigned to one of eight priority levels. 
Level 0 is the highest priority level, and level 7 the lowest. In order to minimi^ the 
time required to answer an interrupt request, the IOP/P provides a complete set of 
registers for each of the eight levels. When an interrupt causes the initiation of a new 
process, the current process is left intact in the registers assigned to the current 
process level. Control may be returned to the interrupted process simply by reactivat- 
ing that process level. The need to safestore and restore interrupted processes is 
eliminated, along with the accompanying overhead. 

The sixteen registers for each level are held in successive 16-rcgister blocks in 
the 128-word IOP scratchpad 28. Registers for level 0 are held in scratchpad locations 
0 — 15. Since the PSR for level 0 is never transferred to the scratchpad (level 0 cannot 
be interrupted), scratchpad location 0 is used to hold the Control Block Base. Com- 
munication between registers at different levels is possible only via master mode copy 
instructions which address the scratchpad. 

The IOP System Interface Unit (SIU) constantly monitors both the current 
process level of the processor and requests for interrupts. Each interrupt request 
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specifies the number of the processor to be interrupted {ii the system includes more 
than one processor), the priority (level number) of the request, and steering to identify 
the interrupt requestor. This information is held in each module (e.g. HSMX, LSMX, 
or CMIO) which may request interrupts, and for most modules it can be set using 
5 programmable interface commands. - 

When ever an interrupt request is present at a level higher than the current pro- 
cessor levd, the SIU raises the higher level interrupt present line to the processor. 
If several interrupt requests are present at the same level, the SIU determines which 
request is passed on to the processor on the basis of priorities established by port 
10 number. 10 

If the current process is not interrupt inhibited, an interrupt request causes the 
IOP/P to suspend the current process and to accept an interrupt word from the SIU. 
An interrupt word has the following format: 



Iftttrruj 
Won 



RFU 



0 


ICBt 


0 


STEERING 



15 N[0:1]— New. This bit if set indicates that the interrupt is a new one. If not 15 
set, the interrupt word is that of a previously interrupted request that is ro 



RFU[1: 17]— Reserved for future use. This field must be 0 but will not be 
checked to ascertain that the is 0. 
20 " ICB [18:9]— Interrupt Control Block Number. 20 

STEERING (27:9]— Steering. This field identifies the interrupt requestor. 
Bits 28 to 31 are generated by the SIU and identify the source module (SIU 
port number) of the interrupt 

To initiate the interrupt processing routine, four registers are loaded from the 
25 associated interrupt control block. When the PSR is loaded, the steering field from 25 
the interrupt w ord i s inserted into the steering field of the PSR. The other registers, 
IC, GR14, and PTBR, are loaded directly from successive words in the ICB. 

The release instruction (REL is used to exit processes entered as the result of an 
interrupt. After a REL the SIU selects for execution the highest priority process wait* 
30 ing for the processor. 30 
This process may be one that was previously interrupted, or a new process to be 
initiated as the result of an interrupt request. At the same priority level, previously 
interrupted processes have priority over new interrupt requests. Through software 
loading of the PGR, the p roce ss or may present to die SIU an interrupt at any level, 
35 0—7. However, in order to provide a well-defined response to a REL executed at any 35 
level, the PCR bit requesting a level-seven interrupt is always sec 

If a new process is to be entered as the result of a REL, the processor response 
is similar to that triggered by a normal interrupt, including acceptance of an interrupt 
word from the SIU and access to an ICB. If a previously interrupted process is to oe 
40 re-entered, the SIU supphes only the level number and the fact that an old process is 40 
to be re-entered. Since the process state at the time of its interruption is intact in the 
scratchpad, this is the only information required to restart the process. 

Address Development 

Addresses generated in the IOP processor may refer to the IOP system local 
45 memory, to the central system memory, to IOP registers outside the processor (external 45 
registers), to registers in the central system (remote registers), or to locations in one 
of the IOP/P scratchpads. Regardless of the type of storage to be referenced, address 
development starts with the calculation of an effective address. 

Effective Address Development — For most IOP instructions, calculation of the 
50 effective address starts with an Address Syllable (AS). If an instruction includes an 50 
Address Syllable, the AS occupies the field [14:22] and has the following format: 



as 





s : o 







Within the Address Syllable fields are interpreted as follows : 

XRi[14:4] — This field specifies the general register to be used as the first-level 
55 index. A value of 0 indicates no first-level indexing. 
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Index Bit [ 18 : 1J — If this bit is 0, no second-level indexing is perfonnedr and the 
long ^cement is used. If the bit is 1, a second level of indexing is 
performed, and the short displacement is used. r . 

XR419:4]-If the index bit is set, this field specifies the general register to be 

used as a second level index. . ^ 

D[19:17]— If the index bit is not set, D is a 17-bit (long) displacement value 

which is sign extended to 36 bits. . 
D[23:13]— If the index bit is set, the 13-bit (shon) displacement value D is 
sign-extended to 36 bits. 

Certain instructions (BRB format) also reference storage, but do 
Address Syllable. In this format, the displacement in the instruction word held | IV : i / J 
is inrplicitiy relative to the current value of the instruction counter (IC). 

In summary, the effective address is a 36-bit sum, calculated from 36-bit addends 
in one of the following ways : 

1 5 Instruaions with an Address Syllable : 

No Index EA=D[19:17] sign-extended 

1 Index EA=(XRJ+D[19:17] sign-extended 

2 Indices EA^CXRJ+CXR^+D^: 13] sign-extended 

Instructions with format BRB : 

20 (Implied Index) EA=(IC)+D[ 19: 17] sign-extended. 99tmnrv 

Memory Reference Operations— All addresses generated by IOP/P memory 

reference instruaions are byte addresses. Interpretation of the effective address 

depends on the setting of the address mode bit in the PSR. , . 
Absolute Addresses— In absolute address mode, the effective address is also the 
25 absolute address. It is interpreted as follows : 
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s 


RFU 


A 



10 



15 



L/R[0: 1)— Local/Remote. This bit specifies whether the memory request is to 
be directed to the IOP (local) memory (0), or to the central system (remote) 
memory (1). 

S[l: 3]— Steering. 30 
Local Memory References: 

For references to local memory, the steering field is interpreted as follows : 
Bit 1 — Local Memory Port 

Selection of the local memory port to be used by an IOP processor is 
normally controlled by a bit in an SIU configuration register. How- 35 
ever, the other local memory port will be seleaed if Bit 1 (the leftmost 
steering bit) is set. 
Bit 2— ROM 

Steering of local memory requests to the ROM is controlled by the 
40 "Exclusive OR" of Bit 2 and the ROM bit (Bit 19) from the PCR. A 40 

result of 1 directs a memory request to the ROM. A result of 0 implies 
a normal local memory request. 
Bit 3 — Reserved for Future Use 

Bit 3 is not used for local memory references. 
Remote Memory References: 45 
For references to remote memory, the steering field is interpreted as 

follows : 

Bit 1 — REMA Select 

Seleaion of one of two Remote Memory Adapters is controlled by Bit 1. 
Bits 2 to 3— REMA Port Select 50 
A remote Memory Adapter port is seleaed by Bits 2 — 3. 
RFU [4: 8]— Reserved for Future Use. This field is ignored by the hardware. 
A [9: 27] — Address. A 27-bit byte address specifying the location of a byte in the 
memory identified by the Local/Remote and Steering bits. 

55 Paged Addresses— In paged mode, an address translation is applied to the effec- 55 

rive address to produce an absolute address. The effective address is interpreted *s 
follows : 
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RFU 



PN 



PRA 



RFU[0: 18 J— Reserved for Future Use. This field is ignored by the hardware 
PN[18;7J — Page Number. Up to 128 pages are availa ble to each process. The 
page number is used to locate a Page Table Word (PW) in the page table 
5 for this process. * 

PRA [25: 11] — Page Relative Address. The PRA specifies a byte address within 

a 2K byte page (512 words). 
Referring to Figure 5, the absolute address is developed by concatenati ng the 
page relative address and the page base address from the page table word (PTW) 
10 specified by the page number. The lo cal/remote and steering fields in the absolute 10 
address are also supplied from die PTW. 

Absolute Address [0:3] <-PTW [0.3 ] 
Absolute Address [9 : 16] <-PTW [9 : 16] 
Absolute Address [25 : 11 ] ^Effective Address [25 : 1 1 ] 

1 5 The operat ion is diagrammed below. 1 5 

The PTW address is computed by adding die page number to the page table 
base address held in the page table base register (PTBR). A description of the PTBR 
format is set forth above. The PTW format is shown below: 



* 


s 


A |R 


RRjj Page Bat* Address 


RFU 


PN 


KEY 



20 L/R[0:1]_ Local/Remote. 20 
S[l:3]— Steering. 

A[4 : 2]— Access. This field specifies access privileges for this page : 

A Access Privileges 

00 Read 

25 01 Read, Write 25 

10 Read, Execute 

11 Read, Write, Execute 

R[6: 1] — Re side nce. This bit is set to indicate that this page is present in local 
memory. 

30 RFU [7: 2]— Reserved for Future Use. 30 

Page Base Address [9: 16]— This field specifies the absolute address of the first 
word of the page. Paged addresses are formed by concatenating the 16-bit 
Page Base Address and the 11-bit Page Relative Address. 
RFU [25: 2] — Reserved for Future Use. 
35 PN[27:3]— This field is used to identify PTWs held in scratchpad storage. It 35 

must be equal to the three most significant bits of the page number. 
KEY [30: 6] — The key identifies the process with which this PTW is associated. 
In this implementation of paged addressing, a scratchpad in the IOP processor 
may be used as a pseudoassociative memory to hold up to 16 PTWs for the current 
proct Access of these PTWs is described by the following algorithm: 40 

The PTW in the location addressed by the least-significant four bits of the page 
numb er is read from the scratchpad, and the key is compared with the key in the 
PTBR. If the keys do not march, the PTW is not associated with the current process, 
and the correct PTW must be fetched from memory. 
■* 5 If the keys match, the most significant three bits of the page number are com- 45 

pared with the PN field in the PTW .the ON field being 3 bits). If th; numbers are 
not equal, the correct PTW is not held in the scratchpad, and it must be fetched from 
main memory. The access privileges are then checked. If the request is valid, the PTW 
is used to form an absolute address, and a memory operation is initiated. If not, an 
50 exception is generated. 5q 
When a new PTW must be fetched from main memory, it is read from the 
address calculated by adding the page number to the page table base address from the 
PTBR. If the key in the new PTW matches the key in the PTBR, the new PTW is 
saved in the scratchpad in the location just referenced, and used to complete the 
>5 absolute address preparation. If the keys do not match, the process has exceeded its 55 
address range, and an address exception is generated. 

Programmable Interface Operations— The Programmable Interface (PI) is used 
by the IOP to read or write data in control registers in other modules. An address for 
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Read External and Write External instructions is derived from the sign extended 
immediate value given by me instruction plus the contents of an optional index register 
(GR 2 ) specified by the instruction. The most significant byte [0:9] of the address is 
ignored, and the least significant three bytes [9:27] are supplied to the program- 
mable interface. Page relocation is never applied to programmable interface addresses. 5 
Int er p re tation of the address portion of a PI command is left to the addressed device. 

Instruction Summary 

General— This section provides information concerning instruction length, storage 
location of instructions, and instruction formats. 

Instruction Length and Storage Locations — IOP processor instructions are either 1 0 

two or four bytes in length. Bytes of an instruction are stored in consecutive storage 
locations. The storage address of an instruction is specified by the address of the left- 
most byte and must be a multiple of two, The entry for each instruction includes a 
mnemonic code, the instruction name, and the format. All instructions with three- 
letter mnemonics are halfword instructions, and all full-word instructions have four- 15 
letter mnemonics. 

General Register-General Register Instructions — Thirteen instructions perform 
arithmetic or logical operations on operands from the bank of general registers. These 
instructions have this format: 



GR, 



OR? 



0 •« tl»U 17 

0P — Operation Code 

GR, — A four-bit field which specifies one of the GR's as operand one, This 
register is used to hold the result of those operations which require a result 
register. 

GR 2 — A four-bit field which specifies one of the GR's as operand two. The con- 
tents of this register are not changed except where explicitly stated. 



Mnemonic 



CRR 

ADR 

SBR 

MPR 

DVR 

CMR 

ANR 

0RR 

X0R 

CAR 

TPR 

ACR 

NGR 



Instruction 



Copy — Register to Register 
Add-— Register to Register 
Subtract — Register to Register 
Multiply — Register to Register 
Divide — Register to Register 
Compare — Register to Register 
AND — Register to Register 
0R — Register to Register 
Exclusive 0R — Register to Register 
Comparative AND— Register to Register 
Test Parity of Register 
Add Carry to Register 
Negate Register 



30 



General Register — Scratchpad Register Instructions — Four instructions cause the 
transfer of information between processor scratchpads and general registers. These 
instructions have this format: 



GR 



AS 



30 



35 



OP — Operation Code 

GR — A four-bit field which specifies one of the GR's. 

AS— Address syllable used to calculate the effective address Y. The least signifi- 
cant seven bits of Y specify the scratchpad register. Other bits in the 
effective address are ignored. 



Mnemonic 


Instruction 


CRSG 
CPSG 

CGRS 
CGPS 


Copy Register Scratchpad to GR 
Copy PTW Scratchpad to GR 

Copy GR to Register Scratchpad 
Copy GR to PTW Scratchpad 



35 



# 
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General Register— Non-Processor Register Instructions— Four instructions cause 
the transfer of information between general registers and non-processor registers. 
These instructions have the following format : 



22 



GRG1 


OP 


S 


GR]g GR; 






0 1 


• 


» 12 11 U 17 




GRX 


OP 


"•Ej 


AS 




I 


1 


1 ilffu 
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OP — Operation Code 

GR! — A four-bit field which specifies one of the GR's. 

GRj — An optional index register. GR 7 =0 implies no index. 

I — An 18-bit immediate displacement which is sign extended with the sign bit S 
to word length. After performing the optional indexing the resulting address 
is interpreted as the address of a register outside the IOP/P. 

AS — Address syllable used to calculate an effective address Y. This address is 
int er pr eted as the address of a register outside the IOP/P. 



10 



Mnemonic 


Instruction 


RDEX 
WREX 
RDRR 
WRRR 


Read External Register into GR 
Write External Register from GR 
Read Remote Registers into GR 
Write Remote Registers from GR 



15 General Register — Special Register Instructions— Four instructions perform 

logical operations on the Process State Register and the Process Control Register. 
These instructions have the following format: 



15 



20 



0P — Operation Code 

GR — A four-bit field which specifies one of the GR's. 



20 



Mnemonic 


Instrucnon; 


CPC 


Copy PCRtoGR 


APC 


AND GR to PCR 


0PC 


0R GR to PCR 


CPS 


Copy PSR to GR 



Register-Memory Loads — Eight instruction load general registers from memory. 
These instructions have this format: 



op 



GR 



AS 



• 9 



ou 



25 



OP — Operation Code. 

GR— A four-bit field which specifies a GR to be loaded. 
AS— Address syllable used to calculate the absolute address X. 



25 



Mnemonic 


Instruction 


LDMG 


Load Memory to GR 


LDBG 


Load Byte to GR 


LCMG 


Load and Clear Memory to GR 


L2MG 


Load 2 Words Memory to GR 


LAMG 


Load Absolute Memory to GR 


LD32 


Load from 32 Bit Format 


LCAG 


Load and Clear Absolute to GR 


L2AG 


Load 2 Words Absolute to GR 
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Register-Memory Stores— Six instructions store general registers to memory. 
These instructions have the following format : 



23 



i ft »Tu 



AS 



1? 



OP — Operation Code 

GR — A four-bit field which specifies one of the general registers. 
AS — Address syllable used to calculate the absolute address X. 



Mnemonic 


Instruction 


STGM 

STGB 

S2GM 

SAGM 

ST32 

S2AM 


Store GR to Memory 

Store GR to Byte 

Store 2 GR's to Memory 

Store Absolute GR to Memory 

Store in 32-bit format 

Store 2 GR's Absolute to Memory 



10 



Register-Memory Arithmetic and Logical Operations — Thirteen instructions per- 
form arithmetic and logical operations on general registers and memory operands. 
These instructions have the following format : 



OP 



GR 



TTTT 



OP — Operation Code 

GR — A four-bit field which specifies one of the GR's. 

AS — Address syllable used to calculate the absolute address X. 



15 



Mnemonic 



ADMG 

SBMG 

CMGM 

CMBM 

ANMG 

ANGM 

0RMG 

0RGM 

XOMG 

X0GM 

CAGM 

ALMG 

SLMG 



Instruction 



Add Memory to GR 
Subtract Memory from GR 
Compare GR with Memory 
Compare Byte with Memory 
AND Memory to GR 
AND GR to Memory 
0R Memory to GR 
0R GR to memory 
Exclusive 0R Memory to GR 
Exclusive 0R GR to memory 
Comparative AND GR with Memory 
Add Logical Memory to GR 
Subtract Logical Memory to GR 



15 



Immediate Operand Instruct ons 

Short Immediate Instructions with General Registers — Three instructions per- 
form operations on a general register and a short immediate operand These instruc- 
tions have the following format : 



20 



op *. 

i%r 



Gfl 



20 



OP — Operation Code 

I — A six-bit signed immediate value which is sign extended to word length. 
GR — A four-bit field which specifies one of the GR's. This register is used to 
hold the result of the operation. 



Mnemonic 


Instruction 


LSI 
ASI 
AU 


Load Short Immediate into GR 
Add Short Immediate to GR 
Add Logical Immediate to GR 
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Short Immediate Instructions with Memory — Two instructions perform opera- 
tions on a short immediate operand and an operand from memory. These instructions 
have the following format: 
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24 



i i 

OP iS i 



AS 



DU 



35 



OP — Operation Code 

I — A six-bit signed immediate value which is sign extended to word length before 
being used. 

AS— Address Syllable used to calculate the effective address X. 





Instruction 


SMSI 
AMSI 


Score to Memory from Short Immediate 
Add to Memory from Short Tnrmrriiarr 



Arithmetic Instruction with Long Tmmrdiatcs — Two instructions perform arith- 
metic operations on a general register and a long immediate. These instructions have 
the following format; 



10 



15 



OP 



GR, 



OP — Operation Code 

S — Sign bit for ingr t nii a rr operand. 

GR: — A four-bit held which specifies the general register to receive the result. 
GR 2 — A four-bit field which specifies the general register used as an operand. 
I — An 18-bit immrriratr operand which is sign extended with the sign bit S to 
word length, 



10 



15 



Mnemonic 


Instruction 


LDLI 
ADU 


Add Lower Immediate to GR 



20 



Logical Instructions with Long Immediate — Nine instructions perform logical 
operations on a general register and a halfword immediate. The immediates are classi- 
fied as lower immediates and upper The terms "lower" and "upper" 
refer to the half of the operand word specified by the immediate. The other half 
of the operand word is filled with a fill bit These instructions have the following 
format: 



20 



25 



30 



0P 


F( Gft, H OR? 


I 


0 1 


• 1 ■ 1) U 17 


1§ 




M 



OP— Operation Code 
F — FH1 bit 

GR n — A four-bit field which specifies the general register to receive the result 
GRs — A four-bit field which specifies the general register used as an operand. 
I — An 18-bit immediate operand which is filled to word length by the fill bit F. 
Lower inTmrrtiarrs are filled on the left and upper immediates are filled on 
' the right 



25 



30 



(F. I) . 



(I.F) * 
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Mnemonic 



Instruction 



CMLI 
ANLI 
ANUI 
0RLI 
0RUI 
XOU 
X0UI 
CAU 
CAUI 



Compare GR with Lower Immediate 
AND GR with Lower Immediate 
AND GR with Upper Immediate 
0R GR with Lower Immediate 
0R GR with Upper Immediate 
Exclusive OR GR with Lower Immediate 
Exclusive 0R GR with Upper Immediate 
Comparative AND GR with Lower Immediate 
Comparative AND GR with Upper Immediate 
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Instruction with Byte Immediate — One instruction involves a general register and 
a byte immediate. It has the following format : 



10 



20 



25 



OP 


016*1 


CR ? ; 0 


1 



TJ 11 u n a 



OP — Operation Code 

GRi — A four-bit field which specifies the GR containing operand one, 
GR, — A four-bit field which is ignored 
I — The 9-bit byte immediate, 





Instruction 


CMBI 


Compare GR with Byte Immediate 



Shift Instructions 

Six instructions perform shift operations on the general registers. In all of these, 
the shift count J may be specified either in a register or as an immediate value. If J 
is contained in a register, the format is : 





OP 


"< i 


GR? 




o r 




14 if 


If J is an immediate value, the format is : 




15 


OP 


i 


GR 



7 8 



13 U 



OP — Operation Code 

GR 2 /GR — A four-bit field which specifies the general register to be shifted. 
GRj — A four-bit field which specifies the GR containing the 6-bit shift count J. 

The leftmost 30 bits of GK X are ignored. 
I — The 6-bit field which specifies the shift count J. 



Mnemonic 
GRI GRGR 


Instruction 


LSL LRL 
LSR LRR 
ASR ARR 
RSR RRR 
DSL DRL 
DSR DRR 


Logical Shift Left 
Logical Shift Right 
Arithmetic Shift Right 
Rotational Shift Right 
Double Shift Left 
Double Shift Right 



Bit Field Instructions 

Bit Field Extraction Instructions — Two instructions are used to extract bit fields 
from one GR and load die field into another GR. These instructions have the follow- 
ing format: 



OP | GRi H GR; 






^3 
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20 



25 



OP— Operation Code 

GR.. — A four-bit field which specifies the source register. 
GRj — A four-bit field which specifies the sources register. 
30 F„ F,., & F a — Three 6-bit fields which define the source and destination bit 30 

fields. (No hardware check is made for consistency of the three fields). 



Mnemonic 


Instruction 


EBFS 
EBFZ 


Extract Bit Field, Zero Fill 
Extract Bit Field, Sign Extend 



Extract and Compare with Register Instructions — Two instructions are used to 
extract a bit field from one GR and compare it with another GR. These instructions 
35 have the following format: 35 
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10 



15 



20 



25 



35 



op 



GRi 



tt 



O It MI* 



F3 



OP — Opcratioo Code ^ w . 

GRi — A four-bit field which specifies the GR to be c ? na P a ™. ^ . Wt is 
OR, — a four-bit field which specifies the GR from which the bit field is 

Fu ^TS-Three 6-bit fields which define the bit field. (No hardware check 

• j_ c «f tH» i+im fields V 





Instruction 


ECR2 
ECRS 


Extract and Compare with Register, Zero Fill 
Extract and Compare with Register, Sign-Extend 



Extract and Compare with Literal Instructson— One instruction perform* this 
function. It has the following format: 



OP 



tft 



GR 



TTT" 



OP— Operation Code 

L — A five-bit unsigned literal. , , 

GR— A four-bit field specifying the GR from which the bit field is extracted. 
F F & F,— Three 6-bit fields whkht define the bit field. (No hardware check 





Instruction 


ECLB 


Extract and Compare with Literal, Zero Fill 



Insert from Register Instruction— One instruction performs this function. It has 
the following format: 



OP 


GRi |H GR? 


Pi 


^2 


F3 



OP — Operation Code _ ^ L . , . 

GRj A four-bit field which specifies the GR that contains the bit field to be 

insetted* 

GR 2 A four-bit field which specifies the GR into which the bit field is inserted. 

F u F ft & F,— Three 6-bit fields which define the bit field. (No hardware check 



Mnemonic 


Instruction 


IBFR 


Insert into Bit Field from Register 



Insert from Literal Instruction— One instruction performs this function. It has 
the following format: 



30 


OP 


D 


I 


GR 


fl 


P? 


*3 




o ' 


• 


t ■> 


tt 17 


It 11 


It Tt 


10 » 



OP — Operation Code. 

L — A five-bit unsigned literal. ^ t ^ , , - . , . 

GR— A four-bit field which specifies the register into which the bit field is 
insert ed . 

F„ F* & F 3 — Three 6-bit fields which define the bit field. (No hardware check 



Mnemonic 


Instruction 


IBFL 


Insert into Bit Field from Literal 



Conditional Bit Instructions— Two instructions set or reset a bit of a register 
depending upon the condition code. These instructions have the following format: 
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20 
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30 



35 
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OP CF |I OR 

i — n \ 



P? 1 p 3 

i 

mid 



OP — Operation Code. ^ , J . . . . f . r - 

CF— Condition Field. A four-bit field defining the condmons. Each bit of the <-f 
corresponds to a value of the condition code in die following manner: 



10 



15 



CF Bit Condition Code Value 

0 CC=0 

1 CC=1 

2 CC=2 

3 OC=3 

1—1 for CDSB, 0 for CDRB. 

GR — A four-bit field which specifies the GR containing the bit to be set or reset. 
¥ xy F* & F 3 — Three 6-bit fields which define the bit field. (No hardware check 
is made for consistency or logic of the three fields). 



Mnemonic 


Instruction 


CDSB 
CDRB 


Conditional Set Bit 
Conditional Reset Bit 



Branch Instructions , n 

Branch Instruction Conditional upon Condition Code— One instruction rails in 
this category. It has the following format : 



10 



15 



OP 


CF ^ 







AS 



20 



25 



OP — Operation Code. ^ . 

CF — Condition Field. A four-bit fidd defining the branch conditions. Each bit of 
the CF corresponds to a value of the condition code in the following manner : 

CF Bit Condition Code Value 

0 CC=0 

1 CC=1 

2 CC=2 

3 CC=3 

AS — Address Syllable used to compute the effective branch address =Y. 



Mnemonic 


Instruction 


BRAC 


Branch on Condition 



30 



Save IC and Branch Instruction — One instruction falls in this category. It has 
the following format : 



20 



25 



30 



AS 



35 



OP — Operation Code. 

GR— A four-bit field which specifies one of the GR's to be used to hold the 
return address. 

AS — Address Syllable used to compute the effective branch address Y. 



Mnemonic 


Instruction 


BSIC 


Branch and Save IC 



Branch Instructions Conditional Upon Register Bit— Two instructions fall in this 
category. They have this format: 



35 
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OP 


8 ! OR 


l» 


0 


0 1 $ 1) U IT » It 30 




14 



OP — Operation Code. 

B — The six-bit ncki which specifies the bit position, from 0 to 35, of the bit to 
be tested. 

GR — A four-bit field which specifies the GR containing the bit to be tested. 

D Displacement — a signed value which is sign extended and added to the 

instruction counter to get the effective branch address Y. 



Mnemonic 


Instruction 


BRBS 
BRBR 


Branch if Bit Set 
Branch if Bit Reset 
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15 



Tuning Diagrams 

10 Figures 6—20 are illustrative timing ^g™** for routine procedures executed in 

the I/O proce ss or. All diagrams are illustrated with reference to a scratchpad clock, 
which has a period of 200 nanoseconds, and a synchronized register dock. The refer- 
ences are to the registers, switches, control store, and other components illustrated in 
Figure 2. In some instances reference to other I/O system components is implied. 

15 Figure 6 illustrates the sequence of events m accessing a standard sequence, 

executing the standard sequence (assuming no second level addressing in a general 
register), setting the next address (NA) as the current address of the standard 
sequence plus an increment of three, addressing the execution address (XA), and 
finally returning to the standard sequence (RA) upon completion. 

20 Figure 7 illustrates a skip rest execution where the nacroinstruction for the skip 20 

test is at CS location M. Figure 8 illustrates a Branch to Constant operation where 
the rnicromstruction at CS location M executes the operation. 

Figures 9 and 10 illustrate the writing and reading, respectively, of single or 
double words to or from the R/W local memory. The active output port request 

25 (AOPR) and me active request accepted (ARA) refer to the SIU active port for the 25 

local memory. 

Figure 11 illustrates a programmable mterface (PI) read/ write operation with the 
WRITE and READ portions both being relative to the SIU request given above the 
WRITE and READ. 

30 Figure 12 illustrates a request for interrupt data while Figure 13 illustrates the 30 

request for interrupt data accompanied by a processor release to the SIU. 

Figure 14 illustrates an instructioo register read address update. Working register 
write (WRW) bit 34 controls the IRSW. After the IRSW contents change, the DL/DS 
inputs to the B switch are available. 

35 Figure 15 illustrates an instruction register write address update and instruction 35 

fetch, again with r c fcieu cc s to the SIU. Figure 16 illustrates the instruction fetch and 
subsequent request for a data read/ write cycle. Figure 17 illustrates an instruction 
request in process (IRIP) followed by another instruction read c>rle. 

Figure 18 illustrates an unconditional (i.e. space in IR is known to be available) 

40 instruction fetch for a first condition where the address is not paged (PSR bit 10=0) 40 

and where the key, access, and memory residence bits are all positive, and for a 
second condition where the address is paged (PSR bit 10=1) and where the key, 
access, or memory residence bits are not all positive, thus forcing an interrupt, excep- 
tion or PTW sequence. 

45 Figure 19 illustrates the force entry into a PTW miss sequence for either an 45 

operand ^0) or an instruction (I) mhs. Figure 20 illustrates entry into an exception 
routine after the PTW miss routine of Figure 19 fails to locate the PTW in memory. 

It should be noted that other aspects of this system are described and /or claimed 
in our copending application nos. 12051/76 and 12053/76 (Serial No's 1,547.385 

50 and 1,544,954). 50 

WHAT WE CLAIM IS: — 

1. A processor for use in an input-output processing system which system per- 
forms communication and control functions in a larger data processing system, com- 
prising : 

55 a) data-in register means, 55 

b) data-out register means, 
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c; instruction register means receiving and storing a plurality of instructions to be 
executed, 

decontrol store means storing addressable microinstructions including standard 
sequences of microinstructions corresponding to specific instructions, 
5 e) switch means addressing said control store means and calling microinstructions 

in response to an instruction in said instruction register means, a return address 
request, a next address request, an exception/interrupt routine request, on a page 
table word miss indication, 

m Aa*9 fL!^ /shifrer means Petto™*** iddnss formation, arithmetic operations, and 

IU data manipulanons required for instruction execution, 

^g) working register means storing an instruction count, data being processed, and 

memory addresses, and providing an address output and a data output, 

n; a page table word scratchpad receiving relative address outputs from said 
15 S£res^s, rCgIStCr mCanS dcvth ^ with said adder/shifter means, absolute 

• *\ a . gCDC ^ ^ scratchpad responsive to said control store means and receiv- 
ing relative address outputs from said working register means, and including a pro- 
rf^enerd refisSi,* 11 mSCruction countcr> a page table base register, and a plurality 
o^-J^! PP"*^ Providing operands to said adder/shifter means, the ->0 

^^^Si S3id WWking mCans and from s ^gen^ 

, k 2, a sccon f. operand switch providing operands to said adder/shifter means, the 

grands including displacements and values from said instruction registering 

f^S!?^ UIlter mcrcmcnB said control store means, and data 

trom said data-m register "^ns, * 

1) process state and process control register means responsive to inputs from said 
working register means monitoring and controlling processor operation, 
. -a cross-bar means providing outputs to said data-out register means, 

said working register means and an operator display panel, and 
. swltcn m ? ans providing inputs to said result cross-bar means from said adder/ 
re^r^lri S?^ said p^cess state and process control 

„ ^' ^^°^ SOT accordin « t0 1 and including a control store output register 

35 storing a microinstrucnonreceived from said control store means during execution! 

5 ' A Processor according to either previous claim and including in association 
with said control store means, means ariHiraring said control store means in response 
to an instruction to be executed to cause the selection of first a standard sequence and 
then an execution sequence of microinstructions in the control store means. 

4. A processor according to any previous claim and including in association with 40 
said switch means addressing said control store means, an execution address register 
storing an address of a unique noicroinstruction sequence, a next address register, and 
a return address register. 

5. A processor according to daim 4 and including adder means receiving a cur- 
rent control store means address and incrementing said address to provide the next 
address for said next address register. 

6. A processor according to claim 5 and including skip count means in association 
with said adder means iiicrementing said current address by a plurality of counts, 

7. A processor according to any previous claim and including in cooperation with 
said page table word scratchpad a key register storing an identification of the process 
with which a page table word is associated. 

8. A processor according to any previous claim and including an address switch 
responsive to a microinstruction in execution addressing said general register scratch- 
pad. 

9. A processor substantially as herein described with reference to the accompany- <;<; 
mg drawings. J - J 

Al G. HARMAN, 
Chartered Patent Agent. 
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P D ,n J 1 C( l f ^ r u Hc i, M ^ csly,s Sui,oncr > Office. by lhc courier Press, Leamington Spa. 1979 
Published by The Patent Office. 25 Southampton Buildings. London. WC2A I AY. from 
which copies may be obtained. 
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